The Danish health care system provides partial reimbursement of most prescription medications in Denmark. The dispensation of prescription medications is registered in administrative databases. Each time a prescription is redeemed at a pharmacy, an electronic record is generated with information related to the user, prescriber, the pharmacy, and the dispensed drug. The National Health Service gathers this information for administration of the drug reimbursement plan. Recently, this information became the basis for the establishment of a new research database, the Danish National Database of Reimbursed Prescriptions (DNDRP). In this paper, we review the content, coverage, quality, linkage, access, and research possibilities of this new database. The database encompasses the reimbursement records of all reimbursed drugs sold in community pharmacies and hospital-based outpatient pharmacies in Denmark since 2004. On average, approximately 3.5 million users are recorded in the database each year. During the coverage period, the number of annual prescription redemptions increased by 15%. Most dispensed prescriptions are in the categories "alimentary tract and metabolism", "cardiovascular system", "nervous system", and "respiratory system". Individuals are identified by the unique central personal registration (CPR) number assigned to all persons born in or immigrating to Denmark. The new database fully complies with Denmark's Act on Processing of Personal Data, while avoiding additional restrictions imposed on data use at the Danish National Prescription Registry, administered by Statistics Denmark. Most importantly, CPR numbers are reversibly encrypted, which allows re-identification of drug users; furthermore, the data access is possible outside the servers of Statistics Denmark. These features open additional opportunities for international collaboration, validation studies, studies on adverse drug effects requiring review of medical records, studies involving contact to general practitioners, and linkage of prescription data to other clinical and research databases. The DNDRP thus is a valuable data source for pharmacoepidemiological research.
Introduction
Worldwide, prescription registries are the most frequently used data sources in pharmacoepidemiological studies. [1] [2] [3] [4] [5] [6] [7] In particular, the Scandinavian countriesDenmark, Norway, and Sweden -have taken a prominent position. 2 In each of the three countries, all residents are assigned a unique personal identifier, which is used to register social and health services, including prescription dispensations, in various nationwide registries. 2, 8 In Denmark it is the central personal registration [CPR] number. Routine registration of dispensed prescription medications started in Denmark in 1994, followed by Norway in 2004, and Sweden in 2005. 2 Other Nordic countries have similar registries. 2 This practice of longitudinal routine registration enables continuous surveillance of the entire Scandinavian population and creates a unique opportunity for registry-based pharmacoepidemiological research with relatively low time and money costs.
Despite this unique research capacity, conduct of large collaborative Nordic or European studies has been hampered by restrictions on access to the data in the Danish National Prescription Registry, accessible through the servers of Statistics Denmark. 2, 9, 10 Restrictions placed by Statistics Denmark on data use go beyond the data protection procedures required by the Danish law known as the Act on Processing of Personal Data. 11 Specifically, Statistics Denmark irreversibly encrypts personal identifiers, allows data access only through its own servers, and restricts statistical output to aggregate tables. These policies preclude studies requiring re-identification of patients for validation studies involving medical record review or contact to general practitioners and patients; furthermore, studies requiring individual pooling of data from other countries, although possible, become cumbersome and time consuming due to the data use restrictions.
A recently established prescription database, titled the Danish National Database of Reimbursed Prescriptions (DNDRP), helps address these limitations. In this paper, we review the data flow, the contents, and research possibilities of this new database.
The Danish health care system Structure and organization
Denmark has a tax-supported welfare system, which guarantees the entire population (5.6 million) health care, education, and social services free at the point of delivery. 12 Hence, Denmark represents a homogenous population with regard to basic education and access to health care.
The health care system is organized into three politicaladministrative levels: (1) the state, (2) the five regions, and (3) the 98 municipalities. 12 The state is responsible for legislation, surveillance, national guidelines, and health financing through the Ministry of Health and Prevention. 12 The five regions are responsible for the delivery of primary and hospital care. General practitioners serve as gatekeepers to health care utilization by providing referrals to hospitals and specialists. 12 In accordance, the primary health care sector is also responsible for the vast majority of medication prescribing. 12, 13 In 2010, the primary health care sector accounted for 97% of the total volume of medicinal products sales. 13 The municipalities are responsible for home nursing, public health, school health, child dental treatment, prevention, and rehabilitation. 12 Tax revenue finances approximately 85% of the health care expenses, while the remaining part, which mainly consists of medication and dental costs, is patients' out-ofpocket expenditure. 12 The drug reimbursement plan
The Danish health care scheme includes a drug reimbursement plan. 12, 14 Reimbursement is independent of income and can be divided into general reimbursement and individual reimbursement.
14 The general reimbursement scheme covers most prescription medications in Denmark and can be applied for by the pharmaceutical company at the time of marketing. All residents automatically receive reimbursement for medications covered by general reimbursement, although in some cases fulfillment of additional criteria (eg, specific indications for use) is required.
14 Such conditional reimbursement may also be granted for selected over-the-counter medications.
14 Physicians can apply for individual reimbursement on behalf of their patients.
14 There are four types of individual reimbursement schemes: (1) single reimbursement, (2) increased reimbursement, (3) reimbursement for the chronically ill patient, and (4) reimbursement for the terminally ill patient.
14 Single reimbursement applies to cases in which an individual may receive reimbursement for one particular drug that he/she requires treatment with and that is not covered under the general reimbursement.
14 Increased reimbursement can be granted if there is a justified reason for choosing a specific agent over the cheapest medication within the same generic group. 14 Reimbursement for the chronically ill patient guarantees patients with particularly high annual expenses an annual ceiling of out-of-pocket expenditure (in 2012, the ceiling was 3655 Danish kroner, which currently corresponds to approximately 500 euro or 650 US dollars). 14 Finally, reimbursement for the terminally ill assures that dying patients who choose to spend their final days outside a hospital are exempted from any medical expenses. 14 In general, the proportion of reimbursement depends on the patient's age and annual expenses for reimbursable medications.
14 For children and adolescents younger than 18 years, there is no expenditure threshold for receiving reimbursement. Reimbursement for this age group starts at 60% and increases with increasing expenditure. Adults become eligible for a 50% reimbursement after exceeding a certain limit in annual expenses (890 Danish kroner in 2012, which currently corresponds to approximately 120 euro or 150 US dollars), increasing thereafter. Calculations of reimbursement are always based on the cheapest medication submit your manuscript | www.dovepress.com
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within each generic group.
14 If the patient or patient's physician chooses a more expensive medication, he/she must pay the difference or apply for a single reimbursement. 14 In Denmark, drugs ineligible for general reimbursement currently include, oral contraceptives and benzodiazepines. 2, 15 Information and updates on the reimbursement policies are available at the official website of the Danish Health and Medicines Authority. 16 
Administration of reimbursement
Danish Regions, is the name of the organization responsible for administering the drug reimbursement plan for the five Danish regions. 12 Each time a prescription is dispensed, relevant information is recorded directly into the computerized pharmacy system through bar code scanning of the product package. 9, 15 The bar code contains the product number, also termed the Nordic article number. 9, 15 This number is a unique drug identifier, which encodes information on name, form, strength, and pack size of the product. 9, 15 Data related to the patient, prescriber, and pharmacy, are also captured. 9, 15 The pharmacy data are then transferred to the responsible region for administration of the drug reimbursement plan. Further data handling results in incorporation of variables such as pharmaceutical form, trade name, Anatomical Therapeutic Chemical (ATC) Classification System code, and Defined Daily Dose (DDD) of the medicinal product.
9,17
Content and coverage
Since 2004, the prescription data collected by the Danish Regions have been gathered into a database, which is maintained by the IT-consulting firm Computer Science Corporation (CSC). In March 2011, a contract between Danish Regions and Aarhus University was signed approving the use of the data for research. Thus, the DNDRP was created, with the Department of Clinical Epidemiology at Aarhus University Hospital responsible for database management, financing, and data protection (see 'Data access', below, for further information).
The DNDRP includes data on all reimbursed prescriptions redeemed at Danish community pharmacies and hospitalbased outpatient pharmacies since 2004. It covers the entire Danish population including residents of long-term care institutions. 2 Since January 1, 1996, information regarding prescriptions redeemed by persons younger than 18 years old should be entered with their own CPR numbers and not that of a parent, as was the case previously. 14 Because the data are collected with the purpose of reimbursement, data prescriptions dispensed for drugs not receiving reimbursement do not generate records in the DNDRP. In addition, the database contains no data on drugs dispensed during inpatient hospital stays, drugs dispensed directly to patients at outpatient clinics (eg, antiretroviral drugs for HIV treatment or methadone from addiction clinics), over-the-counter drugs (unless approved for reimbursement), and vaccines administered by general practitioners (vaccines are registered in the Danish Vaccination Register). 2, 15, 18 Tables 2 and 3 show the frequency of users and redeemed prescriptions overall and according to anatomical main groups of the ATC system each year in the DNDRP.
On average, approximately 3.5 million users (defined as persons with one or more prescriptions in a given ATC group) were recorded each year in the database (Table 2) . Approximately 48% of the users each year had redeemed a prescription for "Anti-infectives for systemic use" at least once. Drugs for the "Cardiovascular system" were taken by approximately 30%, "Nervous system" by 27%, "Musculo-skeletal system" by 26%, "Respiratory system" by 23%, and "Alimentary tract and metabolism" and "Dermatologicals" by approximately 20% of users each ( Table 2 ). The mean number of prescriptions per user was approximately 10 ( Table 2) . During the coverage period of the database, the number of prescriptions redeemed per year increased by 15% (from 33,904,844 in 2004 to 39,028,817 in 2011; Table 3 ). The vast majority of prescriptions was accounted for by drugs for the "Cardiovascular system" (22%-24%), "Nervous system" (21%), "Respiratory system" (10%-12%), "Alimentary tract and metabolism" (10%-11%), "Anti-infectives for systemic use" (9%), and drugs for "Musculo-skeletal system" (7%). This distribution reflects the population burden of chronic diseases treated with these medications, ie, cardiovascular submit your manuscript | www.dovepress.com 
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Data quality
The data quality of all registries depends on the completeness of registration (ie, whether all users and prescriptions are included) and the validity of the recorded information (ie, the extent to which a record of an event corresponds to the event). Based on a yet unpublished analysis of crosstabulating records from the DNDRP, with data from Statistics Denmark, we calculated the completeness as the number of users recorded in the DNDRP divided by the number of users recorded by Statistics Denmark. We found a high degree of completeness for most medication groups ( However, relatively low completeness was observed for "Dermatologicals" (68.7%), "Genito-urinary system and sex hormones" (40.9%), "Antiparasitic products, insecticides, and repellents" (57.2%), and "Sensory organs" (51.0%). A closer examination of the differences at the second level of the ATC code (the therapeutic subgroup) suggests that lack of completeness for these drug types is largely attributable to their reimbursement status (non-reimbursed medications are included in the data from Statistics Denmark). 10 For example, the drug class "Genito-urinary system and sex hormones" includes oral contraceptives, which are non-reimbursable. A more detailed version of Table 4 is provided in Appendix Table A1 .
No study has examined the validity of the data included in the DNDRP. At the same time, data in the Aarhus University Prescription Database (established in 1989), a smaller regional prescription database in Denmark with the same mechanism of record generation, has been shown to have good correspondence with information reported by general practitioners and self-reports for drugs used for chronic conditions. 19 Since data from the DNDRP come from a similar source, a comparable completeness is likely. Furthermore, the use of bar code scanning and computerized accounting systems in the Danish pharmacies rules out most data entry errors, ensures data uniformity, and minimizes risk of data loss.
Data linkage
Through linkage to other national or regional registries, which collectively cover most aspects of health and disease in Denmark, the DNDRP may provide new insights into drug utilization patterns, prescribing habits, and intended and unintended drug effects. Thanks to the CPR number, accurate and unambiguous linkage of DNDRP to all major Danish databases is feasible (Figure 1 ). For example, hospitalization data can be obtained from the Danish National submit your manuscript | www.dovepress.com
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Registry of Patients, which provides information about all inpatient admissions to non-psychiatric hospitals since 1977 and all outpatient clinic and emergency room admissions since 1995. 20 Daily updates of data on vital status and residence (eg, date of death and emigration) can be retrieved from the Danish Civil Registration System, 8 while detailed records of all incident malignancies diagnosed in Denmark can be obtained for the Danish Cancer Registry. 21 Hence, the research possibilities are numerous.
Strengths and limitations
All of the Nordic countries have nationwide prescription registries containing data similar to that in Denmark.
2 The prescription registries have several advantages, most importantly that the time spent and costs associated with collection of data are reduced as compared with questionnaire-based studies. Furthermore, the registries have national coverage, and the setting and prospective collection of data limit the likelihood of recall and selection biases. Finally, they include information on dispensed rather than issued prescriptions in contrast to, the General Practice Research Database. 3 None of the Danish prescription registries contain information on in-hospital medications or non-reimbursable over-the-counter medicine. However, statistics on aggregate sales data for these products are freely accessible at http://www.medstat.dk. 22 Compared with prescription data at Statistics Denmark, the DNDRP allows for more flexibility because individual records can be analyzed and linked outside the servers of Statistics Denmark. Furthermore, prescriber information is available and CPR numbers are not irreversibly encrypted. These advantages open wider opportunities for more widespread collaboration with other Nordic and European countries, including pooling of individual records, validation studies, studies on adverse drug effects requiring review of medical records, studies involving contact to study subjects' general practitioners and patients, and linkage of prescription data into other clinical databases.
The limitations associated with the DNDRP are similar to those associated with the other prescription databases in Denmark. First, as with all prescription databases, there is no information on adherence to prescriptions, which necessitates an assumption of good correspondence between prescription record and drug intake. 23 Second, indications and instructions for use, prescribed dose, or patient characteristics such as differences in bioavailability, are not included. Hence, in studies of drugs that are not used chronically or with a common regime, assumptions regarding dose and duration of use are required. For some medications, daily dose may be approximated based on the amount dispensed and inter-prescription interval. DDD can also sometimes be used to approximate the prescribed dose. Third, the DNDRP is not suitable for studying nonreimbursed prescription drugs, such as, for example, oral contraceptives. These data are recorded by the Danish National Prescription Registry, which tracks prescriptions regardless of reimbursement status. Fourth, users of the database have to be aware of the fact that ATC codes and DDD may change over time. Finally, the period of coverage only goes back to 2004. Hence, misclassification may be introduced due to left censoring. Similarly, the length of registration may be inadequate for capturing diseases with a long latent period (eg, cancer) or diagnostic delay (eg, congenital heart diseases). 24 Although smaller in size, the regional Danish databases (the Aarhus University Prescription Database and the Odense University Pharmacoepidemiologic Database) cover a longer time period, which may be more desirable than a large sample size in certain situations (eg, cancer studies). These needs should therefore be balanced when planning a study.
Perspectives
Pharmacoepidemiological studies are important for establishing the safety of drugs and the disease burden in the population. Numerous studies using the regional databases have previously been published in high-impact journals, eg, studies on the effects of nonsteroidal anti-inflammatory drugs on the risk of myocardial infarction, 25 stroke, 26 venous thromboembolism, 27 atrial fibrillation or flutter, 28 cancer, 29 or adverse birth outcomes or miscarriage. 30 In addition, the regional databases have been used in drug utilization studies of the pattern of use of lipid-lowering drugs and the use of drug prescriptions for children. 31, 32 These results hold great promise for the DNDRP to become a valuable research tool in the field of clinical epidemiology.
Data access
The contract between Danish Regions and Aarhus University covers the following five elements:
1. As a collaborative project between Aarhus University and Danish Regions, a research database will be established based on the prescription data collected by the regions. 2. The Department of Clinical Epidemiology will obtain approval for the database establishment by the Data Protection Agency (http://www.datatilsynet.dk/english/) and will ensure that other requirements for data confidentiality are not violated at any point. 3. In accordance with the Act on Processing of Personal Data, 11 other research groups from the regions may obtain access to the database under the prerequisite that their research protocol has been approved by the chairman of the database, the Data Protection Agency 
Conclusion
The DNDRP contains data on all reimbursed prescription drugs sold in Denmark since 2004. Compared with the Danish National Prescription Registry, maintained at Statistics Denmark, the DNDRP includes prescriber information, CPR numbers are not encrypted, and individual records can be analyzed and linked outside the servers of Statistics Denmark. These advantages expand opportunities for international collaboration; enable validation studies, studies on adverse drug effects requiring review of medical records, studies involving contact to general practitioners, and incorporation of prescription data in other clinical databases. However, information on adherence, indication, or prescribed dose is not included. Furthermore, the coverage period is currently submit your manuscript | www.dovepress.com
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relatively short, but more data will accumulate over time. Keeping these weaknesses in mind, the DNDRP provides a valuable tool for pharmacoepidemiological research. 
